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LIGHTING ASSEMBLY 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] The present application claims the benefit of U.S. provisional 
patent applications serial no. 60/455,269, entitled "Spectrally Calibratable Multi- 
Element RGB LED Light Source"; 60/455,129; entitled "Indirect Lighting System 
Architecture and Implementation"; 60/455,126, entitled "Anisotropic Etching of 
Silicon Wafer Materials to Create Micro-Reflector Cavities for LED Die"; and 
60/455,127, entitled "Micro-Strip-Line Signal and Power Buss Flexible Cable and 
Method of Using Same," each of which was filed on March 17, 2003, and for 
■ each of which the inventor is Michael A. Halter. The present application is further 
related to the three co-pending applications filed on even date herewith entitled 
"Spectrally Calibratable Multi-Element RGB LED Light Source," "Anisotropic 
Etching of Silicon Wafer Materials to Create Micro-Reflector Cavities for LED 
Die," and "Micro-Strip-Line Signal and Power Bus Flexible Cable and Method of 
Using Same," the inventor for each of which is Michael A. Halter. The entire 
disclosure of each of the foregoing provisional and non-provisional applications 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
[0002] The present invention is directed to lighting assemblies, and in 
particular to a lighting assembly system that is highly configurable using 
standardized, easy-to-assemble and maintain components. 
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[0003] Indirect or "wash" lighting systems are used for a vast array of 
indoor and outdoor applications today. These applications include the use of 
such lighting systems on corporate and commercial aircraft, as well as ort luxury 
yachts and watercraft. In these environments, the wash lighting system is a 
critical component of the entertainment and control systems of the craft. An ideal 
wash lighting system in such environments would be capable of different settings 
depending upon the section of the cabin or cabins and the mood or activity of the 
occupants. For example, studies have shown that people prefer a brighter, bluer 
light with which to read, while a softer, redder light is preferred at mealtimes. In 
addition, different light settings might be used at different times of day or in 
different areas of the cabins of such craft, depending upon the particular 
application. 

[0004] Existing wash lighting systems for aircraft and watercraft are based 
on incandescent or, more commonly, fluorescent light sources. Fluorescent tube 
lights are bulky themselves, and also require bulky and heavy high-voltage 
ballasts in order to operate. Such lights also require extensive cabling, 
connectors, and wiring, particularly if the lights are to be separately controllable 
to achieve different lighting effects in different areas of the cabin. The bulk of the 
tubes, ballasts, and cabling required for fluorescent lighting occupies significant 
space that could otherwise be used for passenger headroom or storage, which is 
an especially critical issue in aircraft cabin design. In addition, fluorescent lights 
are difficult and costly to maintain. Fluorescent tubes, while typically exhibiting a 
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useful life longer than that of incandescent bulbs, must still be replaced fairly 
frequently. 

[0005] In addition, the high-voltage ballasts required for the installation of 
fluorescent lights produce electromagnetic interference/radio frequency 
interference (EMI/RFI) that may interfere with aircraft or watercraft 
communication or navigation systems. The interference produced by these 
devices must be carefully considered by aircraft designers, and appropriate 
electromagnetic shielding must be used to protect sensitive equipment. In the 
case of communications equipment, complete shielding may not be possible. In 
any event, the necessary shielding further increases the weight and space 
requirements, as well as the costs, associated with the use of fluorescent wash 
lighting systems. 

[0006] There are significant limitations on the variation in light type and 
quality that may be achieved using fluorescent lights. A single fluorescent tube 
can only produce light of one color and of a very limited intensity band. Thus if 
different lighting effects are to be achieved in the same cabin or area, multiple 
tubes (and hence multiple ballasts and multiple sets of cabling, connectors, and 
other components) must be installed for this purpose. As a result, significant use 
of lighting effects is impractical in most current installations using fluorescent 
tube lighting designs. 

[0007] Another limitation of fluorescent tube lighting systems is that a 
smooth light output across the lighted surface cannot be achieved. To achieve a 
smooth light output when multiple light sources are used, the light sources must 



3 



(I > 

Docket No. 16990-52546-B 

be placed directly next to each other. For example, in order to achieve a smooth 
line of light with fluorescent tubes, the tubes would need to be placed directly 
end-to-end with each other. Due to the practical limitations of fluorescent tube 
design, this is not possible. Placing fluorescent tubes end-to-end would 
necessarily result in "dark spots" at the gap between the tube ends. 

[0008] What is desired then is a lighting system that is highly 
configurable, allows a wide variety of lighting effects, reduces weight and space 
usage over existing lighting systems, is easy and inexpensive to install and 
maintain, can produce a smooth lighted surface when multiple light sources are 
employed, and is modular in form to allow many different installation 
configurations depending upon the application or desire of the user. 

BRIEF SUMMARY OF THE INVENTION 
[0009] The present invention is a wash lighting assembly based 
preferably on light emitting diode (LED) illumination sources that overcomes the 
limitations of prior art (primarily fluorescent) wash lighting systems. The present 
invention is particularly well-suited to a myriad of applications due to its modular, 
highly configurable design. In one embodiment, the present invention consists of 
five basic elements: (1 ) a support rail; (2) wash lighting fixtures mounted on the 
support rail; (3) a single flat cable used for both power and data signals; (4) 
power conditioning supply units; and (5) a processor to generate control data 
signals. The support rail, lighting fixtures, and flat cable are integrated into a 
single, streamlined unit whose length is dynamically configurable as needed in a 
particular application. Light is produced evenly across the entire top surface of 
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the fixture, so multiple fixtures strung end-to-end along the rail produce a smooth 
line of light. In the preferred embodiment, the cable is hidden and protected 
within the support rail, while the lighting fixtures snap fit into the rail with spring- 
loaded contacts on their bottom side, forming a pressure connection between 
power and data connectors on the fixture and cable. A failed fixture may be 
simply snapped out and replaced with a new fixture. 

[0010] The present invention offers a number of advantages over existing 
systems. The use of a single, flexible cable for the distribution of power and data 
communications to each wash light fixture allows one connection in the aircraft, 
watercraft, or other main system source to service the entire wash light 
assembly. Thus the vast bundles of cables, connectors, and related components 
in existing systems are eliminated. No interconnections between lighting 
systems in the system are required. This results in considerable savings in 
lighting system design, installation labor, and overall system weight. In addition, 
because there are no high-voltage components in the system, and thus no high- 
voltage wire interconnections, the electromagnetic interference problems created 
by fluorescent lighting systems are eliminated. 

[0011] Despite resulting in a lighting system of considerably reduced 
weight and installation complexity, the present invention allows far greater 
controllability and lighting effects options than any existing wash lighting system. 
Each lighting fixture in the overall lighting system may be individually controlled, 
or sections of lights may be split into individually-controlled sections. For 
example, a simple application would be to split the lights into a forward and aft 
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cabin section for separate control. In addition, many sorts of more complex 
controls may be employed, such as achieving a spectrum of color or intensity 
across a cabin section by slightly varying the color or intensity from lighting 
fixture to lighting fixture along the rail. Using an eight-bit control system 
according to the preferred embodiment, each individual LED light fixture, which 
consists of red, green, and blue LEDs, may be configured to produce one of over 
sixteen million different colors. Any desired aspect of mood or setting lighting 
can thus be precisely achieved. 

[0012] The use of a long rail for installation according to the preferred 
embodiment allows the light output across a cabin area to appear perfectly 
smooth. Preferably, lighting fixtures are set into the rail end-to-end, such that 
there are no gaps in the light output across the length of the mounting rail. The 
result is an even distribution of light when the controls are set for each lighting 
fixture to produce light of the same color and intensity. Dramatic effects can be 
achieved by varying the light color or intensity across the fixtures on a single rail, 
producing the effect of a smooth light spectrum change across the rail length. 

[001 3] Other advantages flow directly from the employment of LED 
lighting fixtures. The expected life of the LEDs in a typical installation is 50,000 
hours, far surpassing other lighting technologies. In addition, since the system 
consists of solid state components instead of glass bulbs or tubes, breakage is 
much less likely, and the likelihood of injury resulting from such breakage is 
thereby lessened. In addition, the light source is very clean, without stray 
emissions outside of the visible spectrum. As a result, the system produces no 
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infrared emissions that could interfere with infrared remote control and 
communications systems employed within the cabin or other area where the light 
system is installed, and produces no ultraviolet light that could cause furniture 
coverings and fabrics to deteriorate. 

[0014] Another design advantage associated with the present invention is 
the flexibility of cabin design the invention affords to aircraft and watercraft cabin 
designers. Using traditional lighting systems, floor plans that accommodate split 
cabin designs and other lighting definitions must be coordinated in advance and 
engineered into the design. Where multiple lighting zones are required, separate 
control modules must be added in support of each zone. Because the preferred 
embodiment of the present invention comprises separately addressable lighting 
fixtures, "virtual" cabin partitions can be created with lighting effects, which can 
be modified as desired simply through software controls in the system. 

[0015] The present invention also provides a highly fault-tolerant lighting 
system. Because of the modular design and use of separate wash lighting 
fixtures, the failure of one fixture does not affect the operation of any of the other 
fixtures in the system. A failed fixture can simply be removed for repair or 
disposal. If a spare fixture is available it may be inserted, but the other fixtures in 
the system will continue to function normally even if the failed fixture is not 
replaced. In addition, the embedded processor in the lighting fixtures of the 
preferred embodiment of the present invention allows for diagnostic features 
such as error messages to help quickly identify problems. Since each fixture is 
separately addressable, they may each be periodically polled if desired to ensure 
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proper function and communication as part of the control system. Maintenance 
information, such as the number of hours each fixture operates, may be stored 
for later study. 

[0016] Thus it is an object of the present invention to provide a lighting 
system that allows for interconnection between lighting fixtures using only a 
single cable. 

[0017] If is a further object of the present invention to provide a lighting 
system of significantly reduced weight and bulk compared to previous fluorescent 
lighting systems. 

[0018] It is a further object of the present invention to provide a lighting 
system that does not produce high-frequency or electromagnetic interference. 

[0019] It is a further object of the present invention to provide a lighting 
system that is highly modular for ease of design, installation, and maintenance. 

[0020] It is a further object of the present invention to provide a lighting 
system with individually controllable lighting fixtures. 

[0021] It is a further object of the present invention to provide a lighting 
system with a widely configurable color and intensity output for each lighting 
fixture. 

[0022] It is a further object of the present invention to provide a lighting 
system with lighting fixtures having a long life, and thus reduced maintenance 
requirements. 



8 



Docket No. 1 6990-52546-B 

[0023] It is a further object of the present invention to provide a lighting 
system that does not incorporate glass bulbs or tubes, thereby improving the 
durability of the system. 

[0024] It is a further object of the present invention to provide a lighting 
system that allows a smooth distribution of light output across multiple lighting 
fixtures, without "hot" or "cold" spots between fixtures. 

[0025] It is a further object of the present invention to provide a lighting 
system that has a clean light output, without stray emissions outside of the visible 
spectrum. 

[0026] It is a further object of the present invention to provide a lighting 
system that eliminates the need for high-voltage ballasts or other high-voltage 
supplies or transformers. 

[0027] It is a further object of the present invention to provide a lighting 
system that allows the creation of "virtual" zones or compartments across a cabin 
or other area through the use of varying lighting effects. 

[0028] It is a further object of the present invention to provide a lighting 
system that remains operable despite the failure or removal of one or more 
lighting fixtures from the system. 

[0029] It is a further object of the present invention to provide a lighting 
system with diagnostic capabilities whereby problems with an individual lighting 
fixture may be readily identified. 

[0030] These and other features, objects and advantages of the present 
invention will become better understood from a consideration of the following 
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detailed description of the preferred embodiments and appended claims in 
conjunction with the drawings as described following. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0031] Fig. 1 is a perspective view of certain components of a preferred 
embodiment of the present invention. 

[0032] Fig. 2 is a schematic diagram showing certain components of a 
preferred embodiment of the present invention. 

[0033] Fig. 3a is a perspective view of the upper side of a lighting fixture 
according to a preferred embodiment of the present invention. 

[0034] Fig. 3b is a perspective view of the lower side of a lighting fixture 
according to a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0035] Referring now to Fig. 1 , a preferred embodiment of the present 
invention for use within the cabin sections of an aircraft or watercraft may now be 
described. Rail 10 is generally of an elongated, U-shaped design, and is shaped 
so as to receive cable 12 and lighting fixtures 14. Rail 10 is preferably formed of 
stainless steel, but may alternatively be formed of any other sufficiently strong 
and rigid metal or other material in order to provide a strong and durable 
attachment point for the lighting system within the cabin of an aircraft or 
watercraft. Stainless steel is the preferred material because its strength reduces 
the possibility of damage created by pressure and bending of components during 
installation and maintenance, or when bumped or struck by persons within the 
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cabin during routine use of the craft. In a preferred embodiment, each rail 10 is 
manufactured to a length of 24 inches, but may be cut to length as needed in the 
field, preferably in increments to match the length of individual fixtures 14. Each 
of rails 10 are preferably designed to be flush fitting when mounted end-to-end, 
and are provisioned with guide tabs to aid alignment during installation. Rails 10 
may also be provisioned with mounting holes (not shown) to be used for securing 
the rails within the cabin of an aircraft or watercraft by screws, bolts, or other 
standard connectors. 

[0036] Flexible flat cable 12 is used to distribute both power and data bus 
communications to lighting fixtures 14 of the preferred embodiment. Cable 12 is 
formed of multiple layers of conductors and insulators, and preferably has all 
connection points formed as pads on its upper surface. In the preferred 
embodiment, flexible flat cable 12 may be up to 32 feet in length, the maximum 
length being dependent upon the resistance and other electrical characteristics of 
conductors within flexible flat cable 12. Cable 12 preferably includes a "tail" 
section that is provisioned with a standard electrical connector 16. Connector 16 
is used to connect cable 12 to the power and data network of the aircraft, 
watercraft, or other system. 

[0037] Rails 10 have along their bottom side cut-outs 18 to receive 
securing tabs 20 of cable 12. Securing tabs 20 allow cable 12 to snap into place 
within each rail 10 and be held in place flat against the bottom of rails 10 for 
receiving fixtures 14. Tabs 20 and cut-outs 18 are preferably "keyed," that is, cut 
in an asymmetrical shape such' that cable 12 may be mounted within rail 10 in 
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only one direction. This reduces the likelihood of an error when mounting cable 
12 within rail 10. Gold-plated pads (not shown) located on the top side of cable 
12 provide electrical connections to lighting fixtures 14. All necessary power 
and data bus communications connections to each fixture 14 are supplied 
through cable 10. 

[0038] The fixtures 14 are preferably positioned and locked into rail 10 
end-to-end, thereby creating long lengths of wash lighting. As shown in Fig. 3B, 
spring-loaded contacts 22 on the bottom side of each fixture 14 form the 
electrical connection with the conductors within cable 1 2. In the preferred 
embodiment, there are sufficient spring-loaded contacts 22 allowing for power, 
ground, and three serial communication signals passing through cable 12 to each 
fixture 14. Fixtures 14 are locked into place within rail 10 by sliding fixture 
locking pins 24 into matching locking holes (not shown) in the sides of rail 10. 
Like the cut-outs 18 and matching tabs 20 of cable 12, pins 24 and the matching 
locking holes are preferably "keyed" so that each fixture 14 may be mounted in 
rail 10 in only one direction. This ensures that each fixture 14 is mounted within 
rail 10 such that the spring-loaded contacts 22 align properly with the pads of 
cable 12 in order for power, ground, and data signals to pass to and from each 
fixture 14. If a fixture 14 needs to be removed, a special extractor tool (not 
shown) may be used. This tool is operable to depress pins 24, thereby releasing 
the locking mechanism and allowing the fixture 14 to be removed from rail 10. 
Therefore, only the fixture 14 that needs to be serviced is removed, while other 
fixtures 14 remain in place and operable. 
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[0039] It should be noted that each fixture 14, as shown in figs. 3A and 
3B, is a completely integrated lighting fixture unit. The lamp and control circuitry 
are contained within fixture 14, eliminating the mounting of separate ballasts, 
control boxes, and relays necessary with traditional lighting systems. Full control 
of each light fixture 14 for on/off, intensity and color control, calibration, run-time 
clocks, diagnostics as well as many other features are accessed or controlled 
directly over a serial communication network through cable 12. 

[0040] In the preferred embodiments of the invention, light fixtures in 
lengths of three, six, and twelve inches are employed to further provide a 
modular approach to cabin lighting. Long lengths of light are created by simply 
snapping multiple fixtures 14 end-to-end within a length of rails 10. The standard 
wash light fixture lengths of three, six, and twelve inches are constructed using 
an appropriate number of three-inch LED light modules 28; two modules 28 are 
used to form a six-inch fixture 14 in Fig. 3A, for example. Multiple modules 28 
are thus mounted end-to-end to make up the lengths of each fixture 14. By way 
of further example, a twelve-inch fixture 14 utilizes four LED light modules 28. 

[0041] Each three-inch LED light module 28 consists of a set of silicon 
wafers populated with LEDs arranged in red-green-blue (RGB) clusters. These 
RGB clusters permit the color output of the modules to be electronically and 
dynamically changed with over 16 million colors being capable of being produced 
from each module 28 using an eight-bit control system. Specifically, an eight-bit 
control signal would allow each LED color to take on 256 different intensity 
settings, with there thus being more than 16 million possible color combinations 



13 



Docket No. 16990-52546-B 

produced by the module 28. Each three-inch LED light module 28 further 
preferably contains electronic circuitry to permit each module's color to be 
calibrated to match the color and intensity of the other modules 28 making up the 
fixture 14, or to a reference light, as well as to match the color and intensity of all 
the fixtures 14 comprising the entire wash lighting system. 

[0042] Each of the fixtures 14 preferably include all supporting electronic 
and software components to permit an interface to the fixture 14 to be made 
using a serial data bus. Each fixture 14 contains a dedicated microcontroller 
which provides dimming and color control of the fixture via serial communication 
to a processor through a cabin control network interface module (not shown). 
On/off, dimming, and color control are all accomplished internally to each fixture 
14. Each fixture 14 is individually addressable, which permits single continuous 
runs of wash lights to be split into multiple sections for control, such as forward 
and aft cabin section controls. This would allow, for example, one area of the 
cabin to be designated for reading, with the application of a bluer white section of 
light; another section for dining, with a redder white section of light; and a third 
section for resting, with a significantly dimmer section of light. 

[0043] Each fixture 14 also stores a unique digital identifier, which can be 
polled by the processor, thereby permitting each module to be uniquely identified 
by lighting family (wash, dome, reading, or accent, for example, where other 
lights form a part of the system) as well as lighting type within each family (3", 6" 
or 12" wash light, for example). Each lighting fixture 14 is also further digitally 
identified with a manufacturing information such as serial number, date of 
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manufacture, and number of hours in service. These features permit each fixture 
14, as well as other devices within the system, to be uniquely identified by a 
serial number. 

[0044] It may be noted that in alternative embodiments of the present 
invention, other types of lighting fixtures can also electrically interconnect to 
cable 12 in rail 10 using a specially designed Connector mechanism, which 
engages the pads on cable 12 in a similar manner as the spring-loaded contacts 
22 of modules 14. For example, a hanging lamp that incorporates a mounting 
point with pins similar to locking pins 24 of modules 14 could be used. Dome 
lights, reading lights, accent lights, or other forms of lighting could thus be 
plugged directly into a rail and form a part of the overall lighting system as 
desired. 

[0045] Referring now to Fig. 2, the power and control network for a 
preferred embodiment of the present invention may be described. Power is 
preferably provided to wash light fixtures 14 through dedicated power 
conditioning unit (PCU) 30 but may also be provided directly from the craft main 
power system. The purpose of PCU 30 is to provide clean, reliable power to 
wash light fixtures 14. Units suitable for use as PCUs 30 are available in both 
AC and DC input versions with both versions providing a conditioned 28VCD for 
the lighting fixtures. 

[0046] In the preferred embodiment, fixtures 14 draw power at 28VDC 
from PCUs 30. PCUs 30 preferably condition the power provided by the aircraft 
or watercraft main power system, either AC or DC, to a conditioned 28VDC 
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supply for the lighting system. The power and ground interconnection between a 
PCU 30 and lighting fixtures 14 is made through cable 12. PCU 30 also provides 
the interface to the processor or other lighting management and control system 
over the data lines of cable 12. This arrangement provides an efficient means of 
control, eliminating the need for external relays and control modules. PCU 30 
also accepts discrete control inputs for non-data bus control. 

[0047] A Network Interface Module (NIM) (not shown) is preferably 
integrated into each PCU 30. Each NIM contains the electronics and 
communication hardware to control the wash lighting system, store presets, 
assign/set logical lighting groups and other control features. The wash lighting 
serial data bus is directly connected to the NIM module within PCU 30. The NIM, 
in turn, communicates with.the "outside world" via serial data bus and discrete 
input control. Discrete general purpose inputs (GPIs) are preferably available as 
part of the NIM for non-data bus control of the wash light system. Each NIM 
preferably provides eight general purpose inputs which are both hardware and 
software configurable. Each GPI can be configured through hardware to respond 
to active high, active low or as variable voltage inputs. The GPIs can also be 
configured through software to any one of twelve pre-programmed 
configurations. Each of these configurations can further be programmed to act 
upon any individual fixture 14 within the lighting system or to a user defined 
group or groups of fixtures 14 within the entire lighting system network. These 
features permit complex groupings of fixtures 14 to be established within the 
lighting network yet controlled through a single discrete input pin. All of these 
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features are also programmable for use with the serial communications port, 
allowing complex groups of fixtures 14 to be controlled using a single data bus 
command. The available configurations simplify the process of interfacing the 
lighting network to existing or new control systems. These configurations include 
the ability to control the lighting in relation to the length of the switch closure, 
various intensity control settings, transition thrbugh various triggered, user- 
defined level inputs, brightness control by variable voltage, and many other 
features. 

[0048] Referring again to Fig. 2, a particular implementation of a lighting 
network according to a preferred embodiment of the present invention may be 
described. In the illustrated configuration, an aircraft cabin has four light fixtures 
14— left-hand upwash lights 50, left-hand downwash lights 52, right-hand upwash 
lights 54, and right-hand downwash lights 56. Each fixture 14 is of the nine-inch 
variety, and comprises three light modules 28 each three inches long. Power to 
each of the fixtures 14 in Fig. 2 is provided through one of two PCUs 30, with 
each PCU 30 powering the fixtures 14 on one side of the cabin. Network control 
signals 34 feed into PCUs 30 at network control inputs 32. Power (and ground) 
feeds 36 enter PCUs 30 at power inputs 38. Both power and data signals are 
output from PCUs 30 at outputs 40 to fixtures 1 4 over buses 42. An optional 
interconnection bus 44 allows PCUs 30 to connect to additional elements in the 
lighting system or to other PCUs 30. 

[0049] The present invention has been described with reference to certain 
preferred and alternative embodiments that are intended to be exemplary only 
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and not limiting to the full scope of the present invention as set forth in the 
appended claims. 
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